Objective: To assess the relationship between emergency response time and prognosis of patients with outof-hospital cardiac arrest. Design: Systematic review. Methods: Relevant observational studies were identified by a search of PubMed and ISI databases to 30 January 2014. Primary outcome was survival to discharge. The weighted mean differences (WMD) for response time were calculated for those survivals to discharge and death in hospital. We also carried out a dose response meta-analysis for assessing summary odds ratio (OR) of survival by response time. Results: A total of 13 studies with 804,998 patients included in the metaanalysis. The WMD of response time between survivals to discharge group and death in hospital group was 1.976 (95% confidence interval [CI]=1.161-2.792; p<0.001). Sensitivity analyses by only included prospective cohorts showed the WMD of response time between two groups was 1.115 (95% CI=0.508-1.723; p<0.001). Dose-response relationship between response time and survival to discharge risk was observed statistically significant (χ 2 =39.86, p<0.001). In linear model, the summary OR was 0.914 (95% CI=0.889-0.940) for every 1 minutes delay in response time. In spline model, the survival OR decreased along with the response time, especially when response time less than 7 minutes. Conclusions: Emergency response time is an important risk factor for prognosis after OHCA in adults. The EMS team must arrive as soon as possible to the site of the event. (Hong Kong j. 
Introduction
Out-of-hospital cardiac arrest (OHCA) is an important public health in the world. The global average incidence was 55 adult OHCAs of presumed cardiac cause per 100,000 person-years. 1 In the United States, the incidence of emergency medical services (EMS) accessed OHCA was 147.7 per 100,000 person, with 95% confidence interval (CI) 144. 8-150.7 . 2 Despite decades of research, the survival rates after an OHCA have been stable for almost 30 years. 3 The average survival following adult OHCA was 4.8-7.6%. [1] [2] [3] The prognosis of patients with OHCA are associated with a multitude of variables, including age, comorbidities, initial recorded cardiac rhythm, witnessed by a bystander, witnessed by EMS, who received bystander resuscitation, and achieved return of spontaneous circulation (ROSC). [3] [4] [5] Emergency response time, which defined as time from call of prehospital emergency medical service (EMW) to EMS arrival to the patient's side, is reported as important factor of prognosis for OHCA. Sladjana et al reported emergency response time within 4 minutes was associated with improved rate of ROSC, survival to hospital discharge, and one-year survival after OHCA. 6 Ballesteros-Peña et al found response time <8 minutes had higher ROSC rate, with adjusted relative risk 0.56 (95% CI 0.33-0.97). 7 Yeeheng and Finn et al also found rate of ROSC and survival to hospital discharge were different between response time <10 minutes and >10 minutes. 8, 9 But these studies were all based on time points estimate. Kitamura et al analysed a cohort of bystander-witnessed OHCA with multiple logistic regression, and found one-month survival with favorable neurological outcome decreased with increment of EMS response time. The adjusted odds ratio was 0.91 for every minute increment. 10 Berdowski et al also reported the adjusted odds ratio (OR) of survival to hospital discharge was 0.90 for one-minute increment of response time. 11 However, these were based on linear estimation. It is still uncertain if non-linear relationship exists between EMS response time and OHCA, and if the golden period of the rescue exists or not.
The objectives of this study were to perform a systematic review on existing literature and establish the best estimate of this impact by meta-analysis. . In ISI Databases advanced search, the search detail was TS= ("response time*" OR "response interval") AND TS= (out-of-hospital AND cardiac arrest) AND TS= (prognos* OR survival). We also supplemented our searches by manually reviewing major journals, conference proceedings and the references of all relevant studies. The search was limited to English-language articles. No limits were set in terms of publication data.
Methods

Databases and literature search
Eligibility criteria
We defined studies as being eligible for inclusion in this analysis if they met the following criteria: (1) observational studies (cohort studies and case-control studies); (2) out-of-hospital cardiac arrest in adults; (3) survival to discharge was the primary outcome measure, or if survival to discharge was not available, 30-day survival was used; (4) the studies provided adequate information of emergency response time in survival to discharge patients and death in hospital patients, or reported patients number of survival to discharge and death in hospital stratified by emergency response time category, which can calculate OR and 95% CI.
Data extraction and critical appraisal
The following data were abstracted onto standardised forms: first author, year of publication, country, years of enrollment, study design, the sample size, mean and standard deviation of the time factors for survival to discharge group and the contrary group, and the OR of survival to discharge according to age category.
The quality of articles was assessed according to the Newcastle-Ottawa Scale (NOS).eight items, categorised into three dimensions including selection, comparability and exposure. The NOS ranges between zero up to nine stars.
Data extraction and critical appraisal on the quality were carried out independently by two reviewers. Disagreements were resolved by discussion between the two.
Statistical analysis
Firstly, we assessed the response time difference between survival to discharge group and death in hospital group. We used the sample size, mean, and standard deviation of each group to calculate the weighted mean difference (WMD). If medians and inter-quartile ranges were reported, we used the method proposed by Hozo et al 13 to get an estimate of mean and standard deviation. Overall effects were determined using the Z test. Statistical heterogeneity among studies was evaluated by using the Q and I 2 statistics.
14 If there was no significant heterogeneity between studies, fixed effects model was used for metaanalysis; otherwise, a random effect model based on the DerSimonian and Laird estimator was used. 15 Visual inspection of a funnel plot, the Egger regression test, and Begg adjusted rank correlation test were performed to assess publication bias. Sensitivity analysis was performed by only included prospective cohorts.
Secondly, we examined the relationship between emergency response time and survival to discharge rate of out-of-hospital cardiac arrest patients. We used the method of dose-response meta-analysis proposed by Greenland and Longnecker et al 16 and Orsini et al.
17-18
The 2-stage GLST method was used to estimate study specific slope lines first and then derives an overall average slope. Nonlinear dose-response relationship was also examined using restricted cubic splines with 4 knots at percentiles 0%, 25%, 50%, and 75% of the distribution.
All statistical analyses were performed with Stata software, version 12.0 (Stata Corp, College Station, Texas). P value less than 0.05 was considered statistically significant with two-sided hypothesis.
Results
Description of included studies
We identified 13 eligible studies with 804,998 patients. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] The detailed steps of our literature search are shown in Figure 1 . The studies included 3 prospective cohorts, 10 retrospective cohorts. Of these studies, 4 were conducted in the United States, 2 in Germany, Japan, Taiwan, Australia, Ireland, Slovenia, Norway and UK contributed a study, respectively. The quality rating of the included studies ranged from six to eight stars on the scale of nine. Tables 1 and 2 showed the characteristics of the 13 identified studies.
Response time difference between survival to discharge group and death in hospital group
Nine studies with 401,197 patients were included in the analysis. A total of 7,778 patients survived to discharge after OHCA. The survival to discharge rate was 1.9%. Table 1 showed the response time difference between survival to discharge group and death in hospital group. There was substantial heterogeneity in the studies (I 2 =93.8%). The pooled WMD of response time between two groups was 1.98 (95% CI=1.161-2.792; Z=4.75; p<0.001) (Figure 2 ). The funnel plot appears asymmetric. The Egger test (t=2.47; p=0.043) suggested publication bias (Figure 3) . Sensitivity analyses by only included prospective cohorts showed the pooled WMD of response time between two groups was 1.12 (95% CI=0.508-1.723; Z=3.60; p<0.001) (Figure 4 ).
Dose-response meta-analysis of response time and survival to discharge
Five studies (8 cohorts) with 403,081 patients were included in the analysis. A total of 8,053 patients survived to discharge after OHCA. The survival to discharge rate was 2.0%. Table 2 showed response time and survival to discharge risk of out-of-hospital cardiac arrest patients. There was statistically significant association between response time and survival to discharge rate after cardiopulmonary resuscitation (CPR) (χ 2 =39.86; p<0.001). In linear model, the survival to discharge OR was 0.914 (95% CI=0.889-0.940) for every minute delay in response time. In spline model, the OR of survival to discharge rate decreased alone with the patients' age, especially when response time less than 7 minutes ( Figure 5 ).
Discussion
Our meta-analysis showed that showed the response time was shorter in survival to discharge group than death in hospital group, with the pooled WMD 1.98 (95% CI=1.161 to 2.792) , and sensitivity analysis indicated the result was robust. This result confirmed WMD=weighted mean differences There were some limitations in this meta-analysis. Firstly, we only used survival to discharge as prognosis outcome, without specification of neurological outcome. But the information of these prognosis outcomes was limited in the included primary studies. Secondly, substantial heterogeneity between the studies was found in the meta-analysis. Heterogeneity could come from witness status (not witnessed, bystander witnessed, or EMS witnessed), presence of bystander CPR, delivery of defibrillation, mode of service (prehospital BLS or ALS). However, the included studies didn't provide enough information for subgroup-analysis. Thirdly, we included both retrospective and prospective cohorts because of a small number of original researches; and thus could give rise to heterogeneity. Fourthly, significant publication bias was found in the meta-analysis. These four limitations are needed to be considered when evaluating the conclusion.
Conclusions
This meta-analysis indicates that emergency response time is an important risk factor and predictor for prognosis after OHCA in adults. When response time occurs less than 7 minutes, the survival OR decreases sharply.
